Aims The aim of this study is to evaluate the utilization and success in therapy intensification after initiation of sacubitril/valsartan using a specified protocol within an advanced heart failure and transplant programme in the Middle East Gulf Region.
Introduction
Sacubitril/valsartan was Food and Drug Administration approved in July 2015 as a combination medication to reduce cardiovascular deaths and hospitalizations for heart failure (HF) with reduced ejection fraction (HFrEF) patients on the basis of the PARADIGM-HF study. Since then, many institutions added this medication to their formulary. In the PARADIGM-HF trial, patients were randomized to this combination of Angiotensin II and neprilysin inhibitor (ARNI), only after they tolerated sequential target doses of both enalapril and study medication.
1 Sacubitril/valsartan significantly reduced cardiovascular death or HF hospitalization (21.8 vs. 26.5%; hazard ratio, 0.8; P < 0.001) as well as all-cause mortality (17 vs. 19.8%; hazard ratio, 0.84; P < 0.001) when compared with angiotensin-converting enzyme inhibitor (ACEI). The American College of Cardiology (ACC)/American Heart Association (AHA)/Heart Failure Society of America 2017 focused update of the 2013 guidelines for the management of HF recommends replacing ACEI or angiotensin II receptor blocker (ARB) with ARNI in patients who are tolerating these medications and with symptomatic HFrEF New York Heart Association (NYHA) Functional Classification Class II or III. 2 The success of the adoption of ARNI outside of the clinical trial for patients who are not yet on target doses of ACEI is not known. The rate of persistence as well as achieving target doses following early switching to ARNI is also not documented. We report a real-world experience with utilization and success in therapy intensification after initiation of sacubitril/valsartan using a specified protocol within an advanced HF and transplant programme in the Middle East Gulf Region.
Methods

Study design
The single-centre, retrospective cohort was conducted in a 364-bedded multi-speciality hospital located in the United Arab Emirates. The advanced HF and transplant programme formulated an institutional protocol for initiation of sacubitril/valsartan with defined criteria for switching from ACEI and ARB. The sacubitril/valsartan initiation protocol as shown in Table 1 was approved by the pharmacy and therapeutics committee, following which the drug was added to the hospital formulary in February 2016. We obtained institutional review board approval for collecting data from our HF database. The protocol was created to serve as a guiding document for prescribers but did not actively confine them to its content other than the computerized order entry system's restriction to cardiologists.
Patient population
All patients who received a prescription of sacubitril/valsartan from our outpatient pharmacy from 1 February 2016 to 31 July 2017 were enrolled in the study. As per our sacubitril/valsartan initiation protocol, prescribing this drug is intended for patients with HFrEF with left ventricular ejection fraction ≤40%. We excluded patients who were (i) below the age of 18 or (ii) initiated on sacubitril/valsartan from an outside hospital with or without follow-up in our outpatient clinic.
Data collection
Data collection was performed retrospectively through electronic chart review. Patient demographics were collected on the first prescription of sacubitril/valsartan, which was set to be the index date for the purpose of this study. Patients were followed from the index date until the day of data collection or until sacubitril/valsartan was discontinued. This constituted our follow-up period. We documented prior use of ACEIs or ARBs as well as days required to achieve target dose if the patient was maintained on target dose for at least 4 weeks. Data collection included baseline systolic blood pressure on initiation, serum potassium, serum creatinine, N-terminal pro-B-type natriuretic peptide (NTproBNP), ejection fraction, and NYHA class of symptoms. Follow-up data of these investigations were collected only if available at least 8 weeks after initiation of sacubitril/valsartan. We documented the down-titration or drug discontinuation when such events persisted for at least 4 weeks and at the time of data collection. We also analysed the clinical outcome, defined as the number of emergency department visits and hospital readmissions due to worsening HF after initiation of sacubitril/valsartan. Maximum dose was defined as sacubitril/valsartan 97/103 mg twice daily based on the 2017 ACC/AHA/Heart Failure Society of America focused update of the management of HF.
Statistical analysis
Baseline characteristics of patients were explored with the use of descriptive statistics. Continuous variables such as age, follow-up period, and NT-proBNP were described using the mean with standard deviation or the median with interquartile range where appropriate. Independent sample t-test was employed to calculate the mean difference in the target dose achieved and sacubitril/valsartan initiation protocol groups; 95% confidence interval and P-value were also calculated. The two-sided P-value was considered to be significant if it was less than 0.05. Odds ratio with 95% confidence interval and P-values were calculated for such analyses. Data were analysed using Excel 2016 software (Microsoft Corp., Redmond, WA).
Results
Patient characteristics
Overall, 124 patients with a prescription for sacubitril/ valsartan dispensed from our outpatient pharmacy were identified. A total of 102 patients were enrolled in our study, and the remaining 22 patients did not meet the inclusion criteria. The total number of patients who received sacubitril/ valsartan represented 37.3% of all patients actively followed at the advanced HF programme with HFrEF by 31 July 2017. Average follow-up period was 236.4 ± 141.5 days.
Per-protocol initiation of sacubitril/valsartan Hypertension, hyperlipidaemia, and diabetes were the most commonly reported co-morbidities. More than half of the patients had HF of ischaemic origin (53.7%), and the majority had NYHA Class II (70.1%). None of the patients had a NYHA Class IV as shown in Table 2 .
Furthermore, 96 patients (94.1%) were initiated on ARNI in the ambulatory setting, and 99 patients (97.1%) were initiated by an advanced HF consultant. Only three initiations were performed by other cardiologists and none by other disciplines.
Sacubitril/valsartan initial dose and titration
The average initial dose at initiation was 78.9 ± 44.2 mg twice daily. Moreover, 50 mg twice daily (24/26 mg) was the most commonly prescribed dose at initiation for 61 patients (59.8%), whereas only nine patients (8.8%) were started on the maximum dose of 200 mg twice daily (97 mg/103 mg). Further, only 17 patients (17.2%) were on target doses of ACEI or ARB as defined by the ACC/AHA HF guideline prior to switching to sacubitril/valsartan. Up-titration was successful in 55 patients (53.9%) during the follow-up period. Nine patients (8.8%) had to either decrease the dose or completely discontinue the medication as shown in Figure 1 . Out of the six patients who had ARNI discontinued, four of them were initiated on the lowest dose of 50 mg BID and two of them had inappropriate indications for initiation (borderline low systolic blood pressure and initiation during acute HF). Dose of the remaining 38 patients (37.3%) was unchanged. Target dose of 200 mg twice daily (97 mg/103 mg) was achieved in 45 patients (44.1%) during the follow-up period with a median duration to achieve this target of 60 days (inter-quartile range 28-117.5 days).
Adherence to protocol
Appropriateness based on the indication to switch from angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker Overall, the adherence to the hospital implemented protocol of eligibility for switching to sacubitril/valsartan was 72.5%. The remaining patients had at least one factor that represented a deviation from this protocol. Hyperkalaemia (11.8%) prior to initiating sacubitril/valsartan was the most common reason for deviating from the protocol followed by 7.8% of the patients with a recent cardiovascular event as shown in Table 3 .
Adherence to recommended dose at initiation Considering the initial dose of sacubitril/valsartan at the time the patient was switched from the ACEI or ARB, 73.4% were adherent to the recommendation from the hospital protocol. Furthermore, only 11.7% were started at higher doses and 14.9% at more cautious lower initial dose.
Clinical and safety outcomes
Only one patient expired during the duration of the followup. In addition, 6.9% of patients were hospitalized with HF exacerbation (percentage increases to 9.8% when we include emergency department visits), and the remaining 92.1% of the patients survived with no HF associated readmissions. NT-proBNP did not vary before and after initiation (2201.8 ± 2954.8 vs. 2110.5 ± 2715.5; P = 0.89). No difference was observed in mean serum creatinine before and after initiation (90.1 ± 38.3 vs. 92.3 ± 34.8; P = 0.39) nor with mean serum potassium levels (4.3 ± 0.5 vs. 4.4 ± 0.7; P = 0.15). A total of 13.5% of patients had an episode of hyperkalaemia as defined by serum potassium level more than or equal to 5 mmol/L.
For patients with elevated baseline serum potassium (above 4.8 mmol/L) prior to initiating sacubitril/valsartan, ACEI, angiotensin-converting enzyme inhibitor; ARB, Angiotensin II; CrCl, creatinine clearance; NYHA, New York Heart Association.
Per-protocol initiation of sacubitril/valsartan the serum potassium levels decreased post-initiation by 0.5 ± 0.3 mmol/L (P = 0.0008).
Reasons for discontinuation varied for each patient and included symptomatic hypotension, increased cough, rising serum creatinine or blood urea nitrogen, and unspecified intolerance to the medication.
Discussion
We report the largest experience with utilizing sacubitril/valsartan in the Middle East Gulf Region. Our study highlights several points that further expand our comfort level with utilizing this novel drug therapy. In our study, most patients were not on target doses of ACEI or ARB prior to switching to ARNI. In the PARADIGM-HF trial, all patients were on an ACEI dose equivalent to at least 10 mg of enalapril daily before screening. Then, they went through a run in trial period that ensured their tolerance of sequential target doses of enalapril and ARNI before being randomized. Despite this fact, most patients in our cohort had ARNI continued or uptitrated by the end of our follow-up period. This is important to highlight because in a post hoc analysis from PARADIGM-HF trial, patients on lower than target doses of ACEI or ARNI had similar magnitude of benefit compared with patients on target doses in each study arm.
3 While utilizing a carefully designed protocol by an advanced HF and transplant programme, patients demonstrated remarkable tolerance and successful intensification of therapy. This in turn allows for a larger pool of patients to be candidates for earlier utilization of an ARNI in the course of HF therapy. Several factors have led to the adoption of sacubitril/valsartan in our programme for almost 40% of our HFrEF patients: first, the ease of switching patients which is due to the lack of need for complex third party payer preauthorization in our healthcare system; second, the availability of a predefined initiation protocol used by a dedicated advanced HF and transplant programme; and third, most of our patients who were initiated on sacubitril/valsartan had NYHA class II symptoms, consistent with the PARADIGM-HF study, and thus may have contributed further to provider confidence in utilizing ARNI in these more stable patients. Thus, experience with switching advanced HF patients with NYHA class IV symptoms remains very limited.
Luo et al. 4 reported on early adoption of ARNI for patients with HFrEF among a real-world population discharged alive from hospitals in Get with the Guidelines-Heart Failure. In their study, only 2.3% of the hospitalized patients were discharged on the medication. In our study, we reported on initiating the medication in the outpatient setting with a different patient population from the Middle East Gulf Region. As reported in many cardiovascular studies from this region, the patient population in our study may have different characteristics than those in Western studies including a much higher prevalence of diabetes.
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Our newly established advanced HF and transplant programme has contributed to optimizing medical therapy for HF patients, achieving successful longitudinal titration of medications and adoption of new therapies including sacubitril/valsartan at our institution. This was achieved through developing internal HF guidelines and protocols. In addition, several educational sessions are regularly offered by members of the team at the institutional and regional level, which contribute to improving knowledge of all providers on new medications and adoption of guidelinedirected medical therapies. Such programmes can guide and empower all providers involved in the care of the HF patient.
Our study has several limitations. Firstly, the retrospective design limits the ability to fully assess the adherence to our pre-specified protocol and patient outcomes. However, it is still necessary to evaluate the objective parameters set in our protocol for switching as they apply to the patients who were actually switched. Our electronic health records system is comprehensive and includes laboratory measurements and nurse and physician assessments and is integrated with our outpatient pharmacy. This allowed us with a certain degree of comfort to assess adherence while recognizing the inherent limitation of the study design.
The second limitation is that the median duration to achieve target dose was relatively long in our study. Per our protocol, patients should be achieving target dose in 6 weeks if they are started at the lowest dose and 4 weeks if they are started at the mid-range dose. This is likely due to the inability to accommodate all patients at the indicated intervals in our specialized clinic resulting in many patients having longer follow-up appointments that delayed sooner titration. In our programme, we have recently established a pharmacotherapy specialist-led HF medication optimization clinic to include a per-protocol medication titration, which will facilitate in accommodating the frequent visits required by these patients. As real-world experience with this medication increases, more providers outside of advanced programmes will be able to utilize and titrate this medication. Such care does not need to be limited to advanced HF programmes.
The third limitation is that hyperkalaemia was prevalent at baseline in our cohort of patients and was the main reason for deviation from our initiation protocol. However, none of those patients with elevated potassium at baseline had hyperkalaemia following initiation. Our programme providers were likely confident knowing that ARNI causes less hyperkalaemia as was evident in the PARADIGM-HF trial. This has also been supported by a recent secondary analysis of the trial that showed when combined with mineralocorticoid receptor antagonists, more patients in the ACEI group experienced hyperkalaemia. 8 Moreover, we feel comfortable in liberalizing our protocol further to change our upper limit of serum potassium to 5.2 mmol/L instead of 4.8 mmol/L for those patients being considered for the switch. The fourth limitation is that although most of our patients are compliant with our programme and their follow-up visits, we were not able to track whether these patients were admitted elsewhere. Likewise, not all patients had labs performed at our cut-off values before and after initiation of within 2 weeks prior and at least 4 weeks after, respectively. Thus, our analysis reflects patients that had labs performed within these time frames. We did not collect information on concomitant medications (except for evidence-based HF medications) and number of hospitalizations within the last year prior to initiation. We collected serum creatinine at baseline when available, and we did not investigate a history of chronic kidney disease.
Conclusions
Initiating ARNI through a defined protocol utilized by an advanced HF and transplant programme selects for appropriate candidates and guides starting dose and titration in a healthcare system with minimal reimbursement complexity. Overall, significant success can be achieved in replacing ACEI or ARB by an ARNI in symptomatic HFrEF patients.
